I. INTRODUCTION
With the evolution of power electronic technology, the micro-grid has emerged as a practical component for modern, large-scale power system grid. The micro-grid combines local renewable, small or medium (traditional) power generation, energy storage systems (ESSs), dynamic loads and electric vehicles (EVs) with aggregator control units integrated at a distribution level [1] [2] [3] . In terms of the main grid, a micro-grid can be regarded as a controllable entity within the power system, which mostly operates as a grid-interconnected component, but can also operate in an islanded mode during particular scenarios [4] [5] .
Published research has considered how an aggregator schedules the charging or discharging of energy storage systems to allow the micro-grid to operate in a flexible, economic manner [6] [7] [8] [9] [10] . In [6] [7] [8] , the cost of using a micro grid with regulated loads and battery storage was reduced by selling stored energy at high prices to shave peak-loading of a larger system. In [9] [10] , new methods were proposed to transform an existing distribution system into a sustainable autonomous micro-grid, where the optimal sizing and siting strategies for distributed generation and structural modifications for micro-grids were suggested to reduce real power distribution losses of the system.
The potentially wide utilisation of electric vehicles is considered as one of the best solutions to overcome energy 978-1-4673-8040-9/15/$31.00 ©2015 IEEE challenges and reduce environmental pollution. However, the charging demand of a large number of EV s leads a significant problem for micro-grids. The optimal operation of an aggregator for controlled EV charging has been studied in [lI B]. In [11] , an aggregator that made efficient use of the distributed energy of EV s was proposed to provide a source of balancing grid-level supply power. In [12] , algorithms were presented to find optimal charging rates to maximise aggregator profit. In [13] , the problem of scheduling EV charging with ESSs from an electricity market with joint consideration of aggregator energy trading in a day-ahead and real-time market was studied.
In practice, a vehicle-ta-grid (V2G) system permits vehicle owners to participate in grid regulation. A useful model of V2G in power systems was developed in [14] , where a decision-making strategy was established for the deployment of battery energy storage by including parameters for the state of charge, time of day, electricity price and vehicle charging requirements. In [15] , a new approach to analyse the economic impact of V2G regulation was presented.
In this paper, an economic model of the micro-grid, which combines ESSs and EVs, is proposed. The energy (day-ahead) market price, the relevant power and energy ratings of the ESSs, and the charging/discharging behaviour of EVs are each considered. The proposed model is used in a micro-grid to schedule the power supply/demand of variable sources for optimal economic-operation under three possible operating policies [16] . The paper demonstrates that by following optimal scheduling, the effective profit gained by a micro-grid operator is maximised.
The organisation of this paper is as follows: in Section Ill, an economic model of the micro-grid is detailed proposed and assumptions and constraints are discussed. In Section IV, the maximum achievable profit in a micro-grid context is presented, where the optimal problem has been solved using Artificial Fish Swarm Algorithm (AFSA) [17] . Using three possible operation policies, results obtained from an example power system are determined and analysed in Section V. In the final section, the concluding remarks indicate that the proposed model is effective in determining the economic operation of a micro-grid on the basis that an operator can choose to operate either grid-interconnected or isolated, day ahead based on calculated profits.
ECONOMIC MODEL OF MICRO-GRID
A typical micro-grid is composed of micro-generators, consumers and storage devices which act as independent parties in the micro-grid and can bid in the storage energy market [18] .
For simplified analysis, the following assumptions are made: (1) The electrical power is the only product concerned in the economic model. Heat or other by-products by the micro generators are neglected.
(2) Each micro-grid operator is considered in the economic model. The benefits related to the coordination of several micro-grid operators are ignored. (3) The objective is to optimise the economic operation of the micro-grid. (4) In order to stimulate the integration of renewable generators, the respective power supplies do not participate in economic optimisation as well as load demand. Bids for renewable generators remain constant for one whole day. In this paper, photovoltaic and wind generators are considered. (5) EVs in the micro-grid are scheduled to charge or discharge in a specified hour, thus a corresponding constant price for EV charging or discharging is followed throughout the whole day. (6) Hourly bid and output power for micro-turbines are contracted day-ahead. The step up/down cost for the micro turbine is assumed to be constant throughout a whole day. (7) The hourly price for the power exchange in the line connecting the distributed and micro-grid is obtained from a day-ahead electricity market. (8) As an independent party in micro-grid operation, the prices for power and energy rating of an ESS are respectively contracted day-ahead. (9) For simplified analysis, the mark-up price for the micro grid operator is also constant for a whole day. (10) While active power is the main concerns not only for the SEMS but also for loads, deficit reactive power in the micro grid is assumed to be supplied by the upstream distribution grid if they are connected, together with the reactive compensators operated by the SEMS. Otherwise, only reactive compensators are utilised to balance the reactive power in the isolated grid. The cost for the reactive power is included in the mark-up price. (11) To facilitate numerical analysis, the continuous supply/demand power is segmented into discrete, predefined time steps over a period of 24 hours.
The structure of the micro-grid is shown in Figure 1 .
A. Operation P olicies
The profits of a micro-grid will be maximised in the following proposed operation policies [16] :
(1) The micro-grid is separated from the upstream distribution grid and the SEMS aims to serve the total demand of the micro-grid, using its local production, storage system and EV discharging.
(2) The SEMS aims to serve the total demand of the micro grid using its local production as much as possible, without exporting power to the upstream distribution grid. The profit of the micro-grid can be simply expressed as
The micro-grid operator earns profits as an electricity carrier from generator to load. The operator buys electricity with minimal cost from locally distributed generators, micro turbines, storage systems, EV discharging and a grid under stipulations of the above 2 nd and 3 rd policies. Thereafter, supply, with network losses subtracted, will be sold with maximal income to load, EV charging demand, and grid under the above 3 rd policy.
The following three aspects of the model are considered for economic operation:
(1) Income of the micro-grid operator at time t
The income gained by the micro-grid operator is �( t ) = c;iA t )IPaid( t )IUoid-{ll( t )+�( t )PMJ( t )+�lpMJ(t) -P MJ( t-l )1
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The power flow in the micro-grid needs to be under these constraints [20] , as shown in Equation (S).
C. Micro-Grid Operation Optimization
The optimal function is established mainly to maximise the profit of the micro-grid operator under the power flow constraints in the three operation policies above.
{maxR MC

Eq u ation (S) (6)
Under the previous assumptions, the model requires the input:
PES (t),P C ll d (t),f (t),g (t) t=1, .. · ,24
(decision variables). The optimal function can be solved by artificial fish swarm algorithm (AFSA). Every artificial fish is an entity which the variables and self-behaviors are embedded. Its behavior in the next time tends to seek the position with more food, relating to the better profit in Equation ( 6) . During the optimal processes, the position of the optimal artificial fish is tracked and recorded in the bulletin board in every iteration. The most optimal position could be obtained from the bulletin board after all the iterations. The corresponding optimal values of input variables are output to find the local maximum of R MC satisfying the constraints.
Ill. SYSTEM INFORMATION
To investigate the operating profit of a micro-grid, an example power system model is used for evaluation, Figure 2 .
The parameter information for the buses and feeder impedances in Figure 2 , and the load and renewable generation curves obtained using one-day-ahead estimation are both described in [19] .
Assumptions in the example micro-grid are made, such that:
( 1) There are 200 EVs in the micro-grid. While the combination for electric vehicle charging points can efficiently manage electric vehicle charging with joint discharging to the grid, EVs in this paper are together connected at Bus 7.
( 2) The different connection buses of the ESS will more or less affect the required ESS capacity. These effects are not considered in this paper and ESS is also connected at Bus 7. 
In 1s/ policy :
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According to Equation (6) , the hourly parameters, PES (t),Pcl1,, (t),f (t),g (t) t=1, .. · ,24 are scheduled. The maximum profits obtained by the aggregator unit (AU) for this example micro-grid under the three operation policies are listed in Table 1 .
T bl 1 C a e fi � AU (U $) ompansons 0 . pro lts or nIt: (GeneratIOn: Power from MT, PV and WT; Gnd-Import/Export: Power exchanged between upstream distribution system and micro-grid.)
From Table 1 , it is observed that, (1) Under Policy 1, the micro-grid is separated from the upstream distribution system. The AU must buy service from the ESS to store/supply power for the balance between the generation and consumption. Only the EV charging/discharging scheduling can be regulated for economic maximisation. (2) Under Policy 2, competition exists among the sources of absorbed power from upstream grid, the service from ESSs and EV discharging. The AU could benefit from choice depending on hourly prices and EV charging/discharging scheduling can be regulated for economic maximisation. (3) Under Policy 3, the AU benefits not only from selling energy to the consumers, but it could also buy services from the ESS to store energy bought from the distribution system when the market price is low, and thereafter sell stored energy back to the upstream system when the price rises. Benefits are therefore rendered from buying and selling price margins in the market. Thus, the EV charging/discharging scheduling is less significant than that obtained under Policy 1&2.
Another case is simulated when the maximum/minimum power of ESS is constrained as PE7x =5MW & PE�in =-5MW.
Compared with the results obtained under Policy 3, the income from the grid-export is decreased. The total profit for SEMS reaches to $679.56, with 5.81% reduction. Smarter operation and better profit can be achieved with sufficient ESS power.
V. CONCLUSIONS
In this paper, an economic model describing operation of the micro-grid has been established. In this model, the storage system (ESS) acts as an independent party to supply services. The EV charging/discharging power, the absorption/injection power of energy storage system, and power exchange with the upstream grid, in a grid-interconnected mode, are each scheduled to maximise the profit for the aggregator unit. Artificial Fish Swarm Algorithm (AFSA) has been employed to solve the optimisation function and the operator can choose to operate either in a grid-interconnected or isolated day-ahead configuration, based on available and calculated profits. In practice, it is conceived that the aggregator unit of a micro grid will operate in an open market and enjoy the benefit of buying and selling power at a price which offers an associated margin.
from [16] CMT (t) 
PES ( I )
-ESS power rating at time t. Positive value denotes for absorbing while negative expresses injecting. P�� ", P�� "' -Maximum/minimum power of ESS; While ESS service is operated by an independent party, P�" and P�� "' is assumed to be adequate to cover the requirements. Here P�� " =lOMW & P��' =-lOMW. UEvc(/) otherwise.
-Photovoltaic power at time t -Wind turbine power at time t -Profit of micro-grid -The total number of timeslots -ESS energy rating at time t -Probability of a charging process starting at time t -Probability of a discharging process starting at time t -State of EV charging at time t, 1 if charging, and 0
otherwise.
UGrid-ill ( t )
-State of EV discharging at time t, 1 if discharging, and 0 -State of power importing from grid at time t, 1 if importing, and 0 otherwise. 
